The acute promyelocytic leukemia cell line, NB4, can be induced to differentiate to mature granulocytes by retinoic acid treatment. A novel retinoic acid-inducible cDNA clone, designated RI58, was isolated from a cDNA library constructed from retinoic acid-treated NB4 cells by differential hybridization. RI58 cDNA encodes a protein of 58kDa which has a similarity in its amino acids sequence to interferon (IFN)-inducible proteins. In addition, RI58 was induced by recombinant human IFN-(rhIFN-) in NB4 cells. RI58 was detectable within 4 hours post-stimulation with rhIFN-, while it took as long as 1day after retinoic acid stimulation. Culture supernatant from retinoic acid-treated NB4 cells also induced RI58 expression similarly as rhIFN-. This activity in culture supernatant was inhibited by anti-leukocyte IFN antiserum which showed specific reactivity to rhIFN-. These results indicate that RI58 is induced by retinoic acid stimulation through autocrinally secreted IFN-from NB4 cells. In the retinoic acid-treated NB4 cells, the expression of RI58 was increased along the process of differentiation. On the other hand, it was expressed constitutively in untreated non-hematopoietic cell lines and mature hematopoietic cell lines.
INTRODUCTION elements located in the promoter region of
Acute promyelocytic leukemia is a unique form leukemia cells, PML/Retinoic acid receptor of acute myeloid leukemia, in which myeloid fusion protein changes this signal pathway and differentiation is arrested at the promyelocyte causes the block of differentiation (1) . Retinoic stage (1, 2) . Acute promyelocytic leukemia is acid has been used as one of the most effective characterized by a specific translocation t (15;17) agents for the therapy of acute promyelocytic that fuses the genes for two proteins, leukemia patients. The treatment of acute promyelocytic leukemia (PML) and retinoic acid promyelocytic leukemia cells with retinoic acid receptor (3) . Retinoic acid receptor is a induces terminal differentiation of acute member of the family of nuclear hormone promyelocytic leukemia blasts into granulocytes receptors that include retinoic acid receptor , in vivo and in vitro (6) (7) (8) , though molecular and . Retinoic acid is a vitamin A metabolite events of this effect are not yet fully understood. that has effects on development, proliferation and Retinoic acid has been shown to activate the differentiation in a variety of systems (4, 5) .
expression of interferon regulatory factor (IRF)-1 Retinoic acid receptors when stimulated by gene directly in myeloid cells, including acute retinoic acid, directly bind to specific cispromyelocytic leukemia cell line NB4 cells (9) .
retinoic acid-target genes. In acute promyelocytic IRF-1 is a transcriptional activator which binds to IFN-inducible protein family including IFI-56K. the promoter region of interferon (IFN) and IFNWe report the isolation and characterization of inducible genes. Retinoic acid also induces the this novel human protein and demonstrate that expression of signal transducers and activators of RI58 is induced by retinoic acid and IFN transcription (STAT)-1 protein, which is the treatment of NB4 cells. Further, retinoic acid common mediator for IFN signaling pathways appeared to induce this protein via stimulation of (10) . These indicate that retinoic acid has a endogenous IFN-in NB4 cells. potential to modulate the expression of IFN and IFN-inducible genes.
MATERIALS AND METHODS IFNs have been known to play important roles in viral and parasitic infections and in immune Cell Culture responses (11, 12) . IFNs also function as differentiation factors, cell growth inhibitors and Acute promyelocytic leukemia cell lines NB4 modulators of gene expression, depending on the (7) and acute myeloid leukemia (AML) cell line target cells (11) . IFN-, therefore, has been used HL-60 (21), histiocyte lymphoma cell line U937 therapeutically in hairy cell leukemia (13) , (22), T-lymphoblastoid cell lines CEM-SS (23) chronic myeloid leukemia and other malignant and HUT78 (24) were maintained in RPMI1640 diseases (14) . A combination of retinoic acid and medium (GIBCO BRL, Gaithersburg, MD) IFNs have been demonstrated to exhibit supplemented with 10% fetal bovine serum additional or syngenical effects to the growth (FBS), 100 units/ml penicillin and 100 µg/ml inhibition of NB4 cells (15) and nonstreptomycin (GIBCO BRL). Epidermoid promyelocytic leukemia cells (16, 17) , carcinoma cell line HeLa (25) and lung respectively. In NB4 cells, IFNs augment the carcinoma cell line TKB-2 (26) were maintained expression of retinoic acid receptor , PML and in DMEM (GIBCO BRL) supplemented with PML/ retinoic acid receptor (10, 15, 18) . These 10% FBS and penicillin-streptomycin. findings suggest that IFN may play a key role Cells at a density of 1-2x10 /ml were treated during myeloid differentiation with 1 µM all-trans retinoic acid (SIGMA, St IFNs induce a set of proteins and alter the levels Louis, MO) or 100 international units(IU)/ml of some constitutively-expressing proteins in recombinant human interferon-alpha-2a (rhIFNtreated cells (19, 20 (19, 20) . However, the function of most IFN-(Stratagene, La Jolla, CA). A total of 10 inducible proteins is unknown.
recombinants were screened by differential During a study of neutrophil differentiation hybridization with P-labeled cDNA probes using acute promyelocytic leukemia cell line synthesized from poly(A) RNA of retinoic acid-NB4 (7), we isolated a cDNA clone, termed treated NB4 cells or untreated cells. pHRI58. The corresponding mRNA and protein Rapid amplification of cDNA ends (RACE) are induced in NB4 cells by retinoic acid. The was performed using the 5'RACE System protein product, RI58, is a new member of the (GIBCO BRL). Primer1 (5'-GTCTGAGTGTTCT 1:10,000. Detection of RI58 was performed by The deduced amino acid sequence was using ECL Western blotting system (Amersham). compared to the protein database using the blastp 435-1626, 376 amino acids) was amplified by ATGGAC-3' and 5'-ACAAACAGGAGGATCC lysed in Laemmli SDS sample buffer (29) .
Conditioned Medium Preparation and Inhibition
similarity is higher than that found between IFIExperiments 56K and IFI-54K (46%) (34). Overall, aminoCulture medium of NB4 cells was changed to carboxy-terminal sequence among those five fresh medium on the 3rd day of retinoic acid proteins. The amino acid sequence of RI58 also treatment and further cultured for 2 days. Then showed the high similarity with GARG-16 and culture supernatant was harvested and used as a GARG-39 (35), mouse homologues of IFI-56K conditioned medium (CM) after filtration. For and IFI-54K respectively (data not shown). stimulation by CM, NB4 cells were cultured in
The IFI family proteins contain tetratricomedium containing 50% (volume) of CM and peptide repeat (TPR) motif (35). The TPR motif harvested at the indicated times. For the is composed of 34 amino acid repeats. The most inhibition test, the CM was incubated with anticonserved residues in the TPR motif are 8 human leukocyte interferon antiserum (Sigma) hydrophobic amino acids which contribute to the for 6 hours at 4 C prior to the treatment of NB4 formation of a distinct secondary structure, snap cells.
helix (36). According to the criteria used by RESULTS to 5 mismatches out of these 8 residues, 14
Isolation of pHRI58 cDNA Clone When overlapping repeats were excluded, 9 such
The pHRI58, 3851 bp, was isolated from a of RI58. cDNA library synthesized from mRNA of retinoic acid-treated NB4 cells by differential Induction of RI58 by Retinoic Acid screening (GENBANK; U34605). To complete 5' region of this cDNA, the RACE technique was Total RNA from retinoic acid-treated and performed and an extra 73 bp of 5' region was untreated NB4 cells was analyzed by Northern obtained. The total sequence (3924 bp) consists hybridization with a probe corresponding to the of 117 nucleotides of 5' untranslated region RI58 ORF ( Figure 4A ). In NB4 cells 4.1, 2.8 and (UTR), a single open reading frame (ORF) of 1.6 kb bands with almost the same intensity were 1449 nucleotides beginning with an ATG induced by retinoic acid treatment. These signals putative initiation codon and ending with a TAA were observed as early as 1 day after stimulation. stop codon, and 2339 nucleotides of 3' noncoding The intensity of the signals increased significantly region with an AATAAA polyadenylation signal by day 2 and remained at a high level up to day 6. 14 nucleotides upstream of poly(A) tail (19 Allowing for a poly(A) tail of 100 to 200 nucleotides) (Figure 1) . The ORF encodes a nucleotides, the cDNA clone we obtained ( Accordingly, a shorter cDNA clone which starts Amino Acid Sequence Homology followed by poly(A) was also isolated, even A homology search of the RI58 amino acid polyadenylation signal responsible for this sequence against the protein database revealed termination. However, a partial cDNA clone significant homology to a family of IFN-inducible (237bp, Embl Z40106) (38) identical to the RI58 proteins, IFI-56K, IFI-54K, ISG-54K and IRG-2 3'UTR region was found in database with a (30-33) (Figure 2 ). RI58 showed highest termination at 7 nucleotides upstream of the similarity to IFI-56K (55% identity). This pHRI58 short clone's 3'end (data not shown). As terminal amino acids are more conserved than Honoré B et al. (37) , allowing the presence of up putative repeats were present in RI58 (Figure 3 ). Figure  expression was induced by CM from retinoic 5A). A significant upregulation was observed on acid-treated cells within 4 hours and continued to day 1 and expression increased markedly through increase for 1 day after treatment. This pattern day 6 of retinoic acid treatment. The expression was identical to that of cells treated with 100 level of protein paralleled that of the mRNAs, IU/ml of rhIFN-. Culture medium from suggesting that RI58 protein expression induced untreated cells did not induce RI58 expression by retinoic acid is regulated at the transcriptional ( Figure 6A ). level, although mRNA stability may also play a
To confirm that the effector in CM is IFN-, an role.
inhibition test using anti-leukocyte IFN antiserum
Induction of RI58 by IFN induction by CM in a dose-dependent manner
Since RI58 showed a high similarity with a induction of RI58 by rhIFN-, but not by rhIFNclass of IFN inducible proteins (Figure 2 ), in and rhIFN-(data not shown). These results particular IFI-56K, we asked if RI58 could also indicate that RI58 was induced in NB4 cells by be induced by IFN. Figure 4B demonstrates that retinoic acid through the stimulation of autocrinal rhIFN-induced all three species of RI58 IFN-. mRNAs to the levels similar to retinoic acidIn the case of human mature neutrophils, it has treated cells. Detectable signals were observed as been reported that granulocyte-colony-stimulation early as 2 hours post-stimulation and higher factor (G-CSF) induces IFN-production from expression of mRNAs were observed at 4 and 8 these cells (39). However, involvement of G-CSF hours post-stimulation. The level of expression in the induction of IFN-by retinoic acid in NB4 slightly dropped by day 1, increased again at day cells was unlikely, since 10,000 IU/ml of G-CSF 2 and remained high up to day 6. Protein could not induce RI58 expression in these cells expression level increased at 4 hours, reaching a (data not shown). maximum on day 1 and remained constant to day 6 ( Figure 5B ). The RI58 was also induced by Expression of RI58 in Various Cell Lines rhIFN-and -in NB4 cells. In rhIFN--treated cells, RI58 expression was similar to that seen in We examined the cell type distribution of RI58 rhIFN--treated cells, whereas the response to using hematopoietic and non-hematopoietic cell rhIFN-was weaker (data not shown).
lines ( Figure 7 ). An AML cell line HL-60 was performed. The antiserum inhibited RI58
( Figure 6B ). Further, this antiserum inhibited the expressed RI58 after both rhIFN-and retinoic acid treatment. lipopolysaccharide via a protein kinase C lines, HL-60 and U937 (9) . After retinoic acid pathway (33,35). RI58 was not induced by a treatment, HL-60 cells and U937 cells protein kinase C activator, phorbol 12-myristate differentiate into granulocytes and monocytes, 13-acetate in NB4 cells (data not shown). respectively (8, 42) . IFN markedly induced the Therefore, it is likely that RI58 is induced via expression of RI58 in both line cells. However, Jak-STAT pathway by IFN in NB4 cells. In the expression level of RI58 in retinoic acidaddition to the direct stimulation of Jak-STAT treated HL-60 cells was very low compared to pathway by IFN, the indirect modulation of this that in NB4 cells (Figure 7) . Further, conditioned pathway by retinoic acid is reported. The medium from retinoic acid-treated HL-60 cells promoter region of STAT1, the common could not induce the expression of RI58 in NB4 mediator of IFN signaling cascade, contains the cells (data not shown). In U937 cells, the element which is activated by the retinoic acid expression of RI58 was not observd by retinoic receptor . It suggests that retinoic acid can acid treatment (data not shown). Since RI58 modulate the expression of the IFN-responding expression in NB4 cells seemed to be induced by genes at the level of STAT1 (10, 40) . Retinoic autocrinal IFN, these results may indicate that acid also directly activate the expression of IRF-1 unlike NB4 cells, these line cells produce no or (9) . IRF-1 and TFIIB, a component of the basic very low amount of IFN during retinoic acidtranscriptional machinery, cooperatively enhance induced differentiation process. Therefore, highthe ISRE promoter activity (48). Regarding these level production of autocrinal IFN as a response findings, the possibility that the expression of to the retinoic acid stimulation may be unique to RI58 in NB4 cells is modulated by retinoic acid, the acute promyelocytic leukemia cells. through these cascades without processing the RI58 could be induced by exogenous IFN alone autocrinal IFN production, can not be rule out.
shows a high similarity to the IFI protein family.
On the other hand, RI58 was expressed constitutively in mature hematopoietic cell line (HUT78) and non-hematopoietic cell lines (HeLa and TKB-2) (Figure 7) . Wang et al. reported that cooperative enhancement of ISRE promoter by IRF-1 and TFIIB occurred TATA-independently in P19 embryonal carcinoma cells, but TATAdependently in NIH3T3 cells, indicating the presence of a cell type-specific factor (48). The expression of RI58 may be also modulated by other factor(s) in the cell type-specific manner. All members of IFI protein family including RI58 have TPR motif which is a 34-amino acid repeated motif and frequently tandemly arrayed. TPR proteins are widely present from bacteria to human, and they are involved in cell cycle control, transcription repression, protein transport, stress response, protein kinase inhibition and neurogenesis (36). TPRs can mediate protein-protein interactions which are composed of both TPR-TPR proteins and TPRnonTPR proteins. For example, yeast TPR proteins, Cdc16p, Cdc23p and Cdc27p, form a complex and this interaction is essential for cell cycle progression (49). In eukaryotic cells, chaperone cofactors, Hip and Hop proteins which are TPR proteins, regulate the activity of molecular chaperone, Hsc70 which is non-TPR protein, during the protein biogenesis (50). Although the function of IFI protein family is still unknown, the presence of TPR motif suggests that they may interact among them or with other proteins. Further studies investigating the function of RI58 will be necessary to fully understand the exact function of IFI protein family. Understanding of the function of RI58 will be extremery important. This should also contribute to a better understanding fo the molecular effects of retinoic acid and IFN on acute promyelocytic leukemia cells.
